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LUT/'ESCENCE  OF  LUMINOLS  VIII:  A  VERY  EFFECTIVE 
..'dlAITION  OF  THE  LUMINOL  REACTION 


/Following  is  a  translation  of  an  article  by 
Iv.  Weber  and  R.  Kostelac,  Research  Depart¬ 
ment,  "Fotokemika"  Film  and  Photographic  Paper 
Factory  at  Zagreb,  Croatia,  Yugoslav./-*,  in  the 
German-language,  published  in  Croatica  Chemica 
Acta  2S(1956),  pages  33-39.7 


The  chemoluminescence  of  Luminol  caused 
by  the  oxydizing  influence  of  potassium-f erro- 
. .(HI) cyanide  may  be  controlled  in  such  a  man¬ 
ner  that  either  a  non-catalytic  or  a  catalytic 
reaction  will  result.  Both  reaction  types  are 
susceptible  to  inhibiting  influences  by  foreign 
additions;  hydrochinon  causes  a  very  effective 
inhibition  of  the  non-catalytic  reaction  and 
cancellation  of  luminescence  in  very  low  con¬ 
centration.  Half-value  concentration  for  can¬ 
cellation  is  1.10  x  10“7  mol/1  and  it  should  be 
pointed  out. that  inhibition  in  this  order  of 
magnitude  was  thus  far  observed  only  in  chain 
reactions.  Other  inhibitors  show  a  much  weaker 
effect.  The. assumed  reaction  mechanism  of  lumi¬ 
nescence  will  be  discussed  in  the  following. 

Two  basically  different  types  of  the  Luminol  reaction 
are  known.  In  one  type  hydrogen  peroxyde  serves  a  dual  pur¬ 
pose  as  oxydation  medium  and  reaction  component.  Its  oxygen 
is  activated  by  means  of  a  suitable  catalyst  (in  most  cases 
a  heavy  metal  complex)  and  is  brought  to  act  on  the  Luminol 
molecule  in  a  manner  similar  to  the  peroxydizing  process.  In 
the  other  type  of  reaction  process  an  oxydizing  medium  (po- 
tassium-ferro (Ill)cyanide  or  hypochlorite)  will  act  directly 
on  the  Luminol,  without  requiring  the  catalyst  /T 7  /numbers 
in  brackets  refer  to  similarly  numbered  items  in  Bibliography 


1 


at  en£  .  Both  types  of  reaction  will  display  a  more  or  less 
intensive  omission  of  blue  light.  In  regard  to  the  inhibit¬ 
ing  (retarding)  of  the  reaction  and  cancellation  of  lumines¬ 
cence  we  were  able  to  note  that  the  two  modifications  of  this 
reaction  show  essentially  different  characteristics.  In  the 
presence  of  hydrogen  peroxyde  and  a  respective  catalyst  the 
order  of  magnitude  of  the  inhibiting  effects  obtained  v/as 
comparable  to  those  observed  regularly  in  thermal  and  photo¬ 
chemical  reactions  and  in  the  cancellation  to  fluorescence 
•o  solved  substances  /2 7.  A  very  effective  inhibition, 

w.s  noted  in  the  case  of  non-catalytic  reactions, 
which  v/iix  oe  discussed  in  the  following. 


Test  Methods 

The  tests  were  carried  out  with  the  photoelectric  ap¬ 
paratus  described  in  previous  articles.  Three  series  of 
tests  were  carried  out  for  each  of  the  reaction  compounds 
containing  the  following  components: 

1.  Luminol  2  x  10~3  mol/1 
ha OH  2.5  x  10“2  mol/l 

Potassium-ferro (Ill)cyanide  4  x  10“4  raol/l 

2.  Luminol  4  x  10”4  mol/l 
NaOH  5  x  lO-3  mol/l 
H202  1.76  x  10-2  mol/l 

Potassium-ferro (Ill)cyanide  4  x  10~4  mol/l 

3.  Luminol  4  x  l-~4  mol/l 
NaOH  4.5  x  10”2  mol/l 
H202  1.76  x  lO'2  mol/l 

Potassium-ferro (I II)cyanide  4  x  10”4  mol/l 

The  reaction  volume  in  all  cases  was  50  ml.  Test  car¬ 
ried  out  with  the  components  listed  under  1.  obviously  refer 
to  the  non-catalytic  type  of  reaction  while  the  tests  result¬ 
ing  from  2.  and  3.  yielded  catalytic  reactions  at  different 
alkaline  concentrations.  The  inhibitors  (foreign  additions) 
used  were:  phenol,  hydrochinon,  methyl-paramido-phenol-sul- 
fate  (metol) ,  anilines  and  potassium  iodide  (KI) .  Measure¬ 
ments  were  made  in  relative  units  (galvanometer  deflection) 
for  the  intensity  of  luminescence  dependent  on  the  reaction 
time,  with  foreign  additions  present  or  absent.  The  light 
sums  of  luminescence  emissions  and  the  half-value  concentra¬ 
tions  for  inhibition  were  computed  from  the  test  results. 

(For  definition  of  these  terms  see  publication  VII  on  this 
subject). 
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Test  Results 


It  is  evident  that  the  above  listed  reaction  compounds 
are  composed  in  such  a  manner  that  the  potassium-ferro(ill).. 
cyanide  was  kept  at  a  constant  concentration.  With  hydrogen 
peroxyde  present ,  the  concentration  of  the  ferruginous  com¬ 
plex  is  equal  to  the  Luminol  concentration  while  the  H2O2 
concentration  was  chosen  at  a  ratio  of  nearly  1:50  larger  than 
the  other  concentrations.  This  surplus  is  necessary  in  order 
to  move  the  peroxyde  into  the  position  of  the  second  reaction 
component  and  to  permit  the  f erro-complex  to  act  as  a  catalyst. 

:ydi'<siag  of  the  Luminol  will  then  proceed  in  accordance  with 
the  oxygon  resources  offered  by  the  peroxyde  and  will  termin¬ 
ate  when  all  the  Luminol  has  been  used.  In  the  absence  of 
hydrogen  peroxyde  a  much  higher  Luminol  concentration  had  to 
bo  chosen  in  order  to  obtain  measurable  and  comparable  test 
results  for  luminescence.  In  this  case  Luminol  is  present  in 
five  times  higher  quantity  than  that  used  in  the  other  two 
test  series  and  the  reaction  will  evidently  terminate  when¬ 
ever  the  f erro-complex  (which  in  this  case  acts  as  the  oxy- 
v.~xing  agent)  has  been  used  up. 

The  maximal  luminescence  intensity  values  (Gm)  and 
light  sum  values  (L)  obtained  with  these  reaction  compounds 
without  inhibiting  agents  have  been  noted  (in  relative  units) 
in  Table  I.  Largest  maximal  luminescence  intensity  was  ob¬ 
tained  with  hydrogen  peroxide  present  and  at  highest  alkaline 
concentration,  whereas  the  largest  light  sum  value  is  shown 
for  an. absence  of  H2O2,  i.e.  for  largest  Luminol  quantities. 
This  shows  that  the  greater  reaction  speed  of  the  catalytic 
reaction  produces  a  more  intensive  luminescence  with  shorter 
duration  of  reaction,  while  the  non-catalytic  reaction  shows 
lower  light  intensity  but  yields  a  larger  quantity  of  lumines¬ 
cence  radiation,  due  to  longer  duration  of  this  reaction. 

Hydrochinon  shows  a  distinctly  inhibiting  effect  on 
the  non-catalytic  reaction:  even  in  very  low  concentration 
this  inhibiting  agent  will  reduce  the  maximal  intensity  of 
luminescence,  as  well  as  the  light  sum.  Figure  1  shows  a 
number  of  decay  curves  of  luminescence  (intensity-time  curves) 
for  various  concentrations  of  hydrochinon.  It  may  be  seen 
that  in  the  case  of  higher  hydrochinon  concentration  maximal 
intensity  of  luminescence  will  be  reached  only  after  a  certain 
reaction  time  has  passed. 
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Table  I 


Intensity  of  luminescence  and  light  sum  values  for 
reaction  compounds  containing  no  inhibiting  agents 


Reaction  Compounds 

Gm 

L 

without  ilo^2  (non-catalytic) 

57 

141 . 5 

(catalytic) 

with  HoOo 

11.4 

5.4 

KaOII:  0.005  mol/1 

(catalytic) 

with  HpC<> 

122 

24.8 

MaOH:  6.045  mol/1 

Figure  1.  Inhibition  of  the  non-catalytic  re¬ 
action  by  hydrochinon.  Inhibitor 
concentration  x  10S  mol/1:  1.  —  2. 

5.4  3.  9  4.  IS  5.  36  6.  90 


The  initial  and  the  maximal  intensity  may  be  computed 
for  each  inhibitor  concentration  from  these  decay  curves,  also 
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the  light  sum  of  luminescence  for  the  reaction  compounds 
without  inhibitor  addition.  The  numerical  values  compiled 
in  Tables  II,  III  and  IV  were  obtained  in  this  manner.  These 
values  may  be  compared  with  one  another,  independent  of  the 
absolute  values  of  luminescence  intensities.  They  refer  to 
the  non-catalytic,  as  well  as  the  catalytic  type  of  reaction 
obtained  from  the  compounds  with  component  listings  giver,  in 
1.,  2.  and  3.  These  tables  also  show  the  values  for  the  gen- 
cr;.~  -inhibitor  constant  j$  (see  publication  VII).  It  may  bo 
for  compounds  1.  and  2.  the  reciprocal  value  of  the 
tent  (1//3)  corresponds  to  the  half-value  cor.cen 
-i,  ...  ... — hit  ion  (c) ,  which  was  computed  by  means  of 

giv^hiv.  h  interpolation.  This  means  that  this  type  of  reac¬ 
tion  well  satisfies  the  inhibitor  equation.  No  constancy  of 
the  -values  was  obtained,  however,  for  compound  3:  inhi¬ 
bition  increases  at  a  much  higher  rate  than  would  correspond 
to  th .  inhibitor  equation.  The  high  alkaline  concentration 
in  this  case  seems  to  entail  secondary  influences  (rapid  oxy- 
dizing  of  the  inhibitor) . 


Table  II 

Luminol  -+*  K^fFe  (CN)  q7 

Compound 

Hydrochir.on 
Moi/1 .  10« 

G  in  %  i, 

Anfan;;s-^ !  Maximal-  ;! 

i 

L  in  •/•  ! 

(5 . 10-« 

b>)  Intensital 

i 

ICO 

:  ioo 

ICO  j 

— 

5,4 

68,1 

‘~c3.r  | 

03,0  1 

8,7 

0,0 

53,5 

S3, 4  j 

9,7 

IS 

33,4 

1 

i  1 

!  45,6  | 

1  , 

86, G  | 

11,1 

36 

f  25,4 

i  33,0  j 

| 

Cl,  C  ! 

I 

8,2 

90 

;  10,4 

!  17,5  j 

1 

56,3 

9,6 

Mitlelwert:  p 

-  9,5.16*; 

Vfi  =  1,06.10-7;  c  = 

1,10.10-7 

.....  . 

/Legendj7  a) 
Mean  values. 

Initial;  b) 

Intensity 

c) 
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Tablo  III 


Luminol  4-  1^2  +  K3/Fo(CN)g  7  Compound  2 
NaOH:  5“x  10-3  mol/l 


Kvarocaa'.on 
Mol-'l .  10* 

C  ia 

Ar.a.i;,-® 

6)  inter, i 

M/.Niiilul- 

iUl 

L  .ii  « 

.  10*» 

— 

,  ICO 

IOO 

loO 

— 

0,3 

!  85,3 

05,0 

305,7 

1.8 

i  0 

!  04,8 

u ; ,  o 

*>cc,u 

3,0 

0,7 

53,7 

53,7 

2,5 

o,0 

!  22,8 

2-1.3 

Sbi.O  1 

3.4 

4,5 

|  3,8 

12,  i 

;:?,i 

5.6 

_  _ 

C)  Mitieiwort:  ji 

*-*  4,1.10*-; 

..  c  “  2,4.10-* 

/Legend 

same  as  in 

Table 

127 

Table 

IV 

Luminol  + 
NaOH: 

II0O2  ■+■ 
4To“x 

k3/Po(cn)6  7 

lO-U  r.iol/1 

Compound 

G  :r. 

Kydrochinor. 
Mol/1 .  10* 

■  Anf-n-i-® 

M.-.Xiiv.;/.- 

L  ir»  %  ' 

p,  10*1 

b}  Intcnsitd: 

— 

100 

ICO 

Ii  0  1 

— 

0,8 

00,2 

08 

207,2 

0,0 

1,0 

o0,3 

•>0,3 

202,7 

1,3 

-,.o 

*«v*,*4 

a  V  5,0 

5,0 

2.00 

30 , 4 

vVii 

iTL.O 

3,2 

2,o: 

r-  , 

lo.t 

•-..*  n 

i-iO 

C  —  L.L'ilb 


/Legend  same  as  in  Table  II/ 


Ti.e  essential  fact  is  presented  by  the  extremely  low 
half-value  concentration  of  hydrochinon  in  the  non-catalytic 
reaction.  In  order  of  magnitude  it  is  approximately  in  a  re¬ 
lationship  of  1;  4,000,  compared  to  the  1:  20,000  concentra¬ 

tion  of  .I3 /Fe(CN)g_7,  or  of  the  Luminol..  respectively, 
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contained  this  compound.  This  means,  however,  that  with 
this  inhibitor  concentration  one  half  of  the  excited  (stim¬ 
ulated)  Luminol  molecules  (ions) ,  capable  of  emitting  one 
quantum  of  light,  will  bo  prevented  from  emitting  if  only 
one  molecule  (ion)  of  hydrochinon  is  present  in  a  solution 
containing  4,000  molecules  of  the  f erro-complex  and  20,000 
molecules  of  Luminol.  This  represents  a  very  effective  in¬ 
hibition  which  is  only  rarely  observed  in  the  other  reactions 
and  indicates  a  particular  reaction  mechanism  for  the  nen- 
cuta lytic  type  of  reaction.  In  the  usual  thermal  and  photo¬ 
chemical  reactions,  as  well  as  in  the  extinguishing  of  fluor¬ 
escence  caused  by  foreign  additions  the  half-value  concentra¬ 
tion  of  the  inhibiting  agent  is  frequently  higher  (by  a  ratio 
of  1  :  100)  than  the  concentration  of  the  reaction  components, 


bile 


.'lions  for  which  a  chain  mechanism  is  assumed  are 
generally  more  effectively  inhibited  /See  Note7. 


(/Note :"/  We  refer  to  the  inhibiting  of  autoxidizing 
of  benzaTdehyde  by  hydrochinon  and  similar  substances  /4 7, 
inhibition  of  autoxydizing  of  cystein  by  MnS04  /57,  retarda¬ 
tion  of  photopolymerizing  of  styrol  and  Vinylacetate  by  hy¬ 
drochinon  /5 7  and  cancellation  of  chemoluminescence  os  phos¬ 
phorus  by  turpentine  oil  vapors  (GRAHAM  1329).) 


The  other  inhibitors  tested  by  us  also  show  less  ef¬ 
fectiveness  on  the  non-catalytic  reaction.  Generally,  speak¬ 
ing,  however,  it  could  be  noted  that  this  type  of  reaction  is 
more  easily  inhibited  than  the  catalitic  type  (see  Table  V) . 
Potassium  iodide,  on  the  other  hand,  causes  an  increase  in 
the  maximal  intensity  of  luminescence  (probably  due  to  a  pri¬ 
mary  electrolytic  effect)  which  also  results  in  a  slight  in¬ 
crease  in  the  light  sum.  The  molar  concentration  of  ICI  caus¬ 
ing  an  increase  of  maximal  intensity  of  liminescence  to  twice 
its  original  value  are  also  given  in  Table  V. 

For  an  explanation  of  the  very  effective  inhibition 
described  above  we  may  assume  that  in  the  chemical  reaction 
of  the  potassium-f erro (III) cyanide  with  the  Luminol  not  really 
the  hexacyanide  ion  of  the  f erro-complex  is  acting  but  rather 
the  pentacyanide  ion.  This  latter  ion  is  formed  by  hydrolysis 
(in  small  concentration)  from  the  hexacyanide,  according  to 
the  following  reaction  equation: 


[Fc(CX)0j»-  -r  HiO  ft  [Fo(CN);HiOp-  +  CX* 
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Table  V 


Half-valuo  concentrations  of  various  inhibitors 


1  A)  ac:.V..u;',  ^  d)  I'.’.il  n .0 . _ _ _ _ 

Inhiohor  oanc h.Oj  o,...,  ,\..c.l  0.015  .V  NjOII 


Phenol 

|  l.bi.’.O'J 

:-iyd;'ochir.oa 

!  l. iv.no-- 

J.  i  ■»  \J .  »  o  * 

2,:u:o-* 

Mclol 

,  7,70. '.O'* 

G, o7.lv  w 

3g2.10-J 

Aralin 

1  l.ij.lO"- 

2,00. \\jm* 

5,33.10‘s 

SlvU’.i'olyt 

j  d) 

viiC  C  . 

..1 

u.r*  lvOd.\»  ei’hoiu 

XJ 

! 

I  0.117 

0,u1g  : 

0,032 

/beyond  :7  a)  Reaction  w/o  Ir2^2  >  With  H.>0; 
c)  KI;—  d)  Concentration  in~mal/l  causing  luO*> 
increase  in  Gm. 


Presence  of  the  aquo-por.taoyanide  ion  in  watery  solu¬ 
tions  has  been  observed  repeatedly  under  varying  test  condi¬ 
tions  and  it  seer, is  probable  that  the  labile  binding  of  the 
water  molecule  may  be  easily  replaced  in  this  ion  by  a  Lumi- 
nol  ion  or  .molecule .  This  would  moan  that  the  Luininol-co:..- 
piox  of  the  pentacyanido  constitutes  the  critical  reaction 
complex  (unstable  interim  product)  for  the  non-catalytic  Leu- 
inol  reaction.  Inhibition  would  then  be  caused  by  displace¬ 
ment  of  the  Luminol  ion  in  this  critical  complex  by  a  hyaro- 
chinon  ion  whicn  will  prevent  the  reaction  leading  to  light 
mission.  It  appears  that  other  thermal  reactions  arc  taking 
lace  simultaneously  which  also  do  not  cause  light  emission 
and  thus  result  in  an  appreciable  decrease  in  the  luminescence 
light  sum  value. 
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